ABSTRACT
INTRODUCTION

An image slicer-based Integral Field Unit (IFU) has been developed for the Echellette Spectrograph and Imager (ESI)
The Allington-Smith et al.2002 , lenslet-based systems such as Tiger and OASIS on CFHT Bacon et al.1995 and Sauron on WHT Bacon et al.2001 and slicer-based IFUs such as SPIFFI. Tecza et al.2000 
IFU is an optical system that remaps a 2-dimensional field of view (FOV) onto the 20 arc-second spectrograph slit while preserving the F/#, pupil location, and focal position of the telescope. ESI is a multi-mode Cassegrain-mounted spectrograph developed by the Lick Observatory Instrument Lab for the
ESI was designed for very high throughput along with full visible spectrum coverage at moderate resolution. In order to more fully utilize these capabilities a design study was undertaken from 1998 to 1999 to evaluate the possibility of modifying ESI for use as an integral field spectrograph. That design study evaluated 3 IFU technologies for ESI: Fiberoptic-based IFU such as the GMOS IFU at Gemini
An in-house-developed dielectric-enhanced sliver coating has been applied to all optics. This coating has been optimized for the band-pass of the system. Measured throughput of the IFU ranges from 45 -55 % for the 7 reflections within the IFU. Modeled performance predicted approximately 88 % throughput. It is believed that majority of the difference corresponds to a defect in the optical coatings on the IFU that resulted in a reflectivity of approximately 93-94 % per surface as opposed to the 98 %expected. The remaining loss in throughput can be attributed to a slight vignetting within the IFU. Unfortunately it is not possible to recoat this device without complete disassembly, due to the geometry of the optical system.
DEVELOPMENT
The optical components for the IFU were fabricated and well the entire unit was assembled and tested at the Lick Observatory Instrument shops. The finished product is shown in figure 3 . The device is all-Zerodur and has been demonstrated to maintain its optical performance under extreme temperature variation, with some of the components tested at cryogenic temperatures. The opto-mechanical layout of the system. From the bottom of the figure, the F/15 beam from the telescope is shown coming through the hole in the guider mirror and then to focus at the Cassegrain image plane. A small pick-off mirror sends this beam to a three-mirror relay, which slows the beam to F/30 , remaps the 2-dimensional image onto the image slicer (rightmost optic) element and images the Keck pupil onto an internal pupil mirror array (leftmost optic) in the IFU train. From there, each slice of the image is sent to its own two mirror relay, consisting of a spherical pupil mirror (leftmost optic) and a toroidal slitlet mirror. These two optics combine to remap the image onto a slit configuration, project the beam into the spectrograph (top of figure) and form a virtual image of the keck pupil at its original location. Thus the beam entering the spectrograph appears to emanate from the Keck pupil, and has the image-plane shape of a single echellette slit. 
ESI MODIFICATIONS
Each measurement has been corrected for atmospheric extinction and normalized to the expected number of photons for their respective spectrophotometric standard. The resulting ratio of the throughput with the IFU to the throughput without the IFU for the middle 6 orders of ESI is plotted in figure 5. The result is that the throughput attributed to the IFU alone is between 45 % and 55 % depending on wavelength and field position.
SCATTERED LIGHT REJECTION
ESI exhibits a small but non-negligible amount of scattered light in the echellette mode: of-order a few percent. This scattered light shows up as a low-level undispersed intra-order flux, and must be modeled and removed from the between and under the echelle orders in order to get an accurate continuum flux level. This is especially so in the case of observations of low surface brightness objects (LSBO) and even more so for LSBOs near bright sources i.e. off-nuclear observations of QSO host galaxies.
Sheinis & Miller2002a
The IFU has the added feature that it reduces the overall scattered light content by an order of magnitude. This is because with the IFU in place there is no direct optical path into the spectrograph. The IFU has 7 folds in the beam, each with an aperture and baffling, which serve to reject light that might enter the spectrograph from outside the science optical path. 
SKY SUBTRACTION
FIRST-LIGHT OBSERVATIONS
In order to demonstrate the multiplexing capability provided by the IFU, we observed RXJ1131-1231, Sluse et al.2003 the
lowest-redshift, lensed quasar currently known, during the commissioning run. The goal was to simultaneously record the spectra of the 4 gravitationally lensed images of the quasar in a single pointing, in order to explore the substructure in the Dark Matter halo of the lensing galaxy by looking for variations in the magnification of the broad-line region (BLR) as compared to the narrow-line region (NLR) in several images of the same QSO.
Moustakas & Metcalf2003 RXJ1131-1231 is part of the CASTLES survey of gravitationally lensed objects. Kochanek et al.1999 It has a redshift of 0. 
CONCLUSIONS
